Confluentimicrobium naphthalenivorans sp. nov., a naphthalene-degrading bacterium isolated from sea-tidal-flat sediment, and emended description of the genus Confluentimicrobium A Gram-staining-negative, aerobic and moderately halophilic bacterium, designated strain NS6 T , was isolated from sea-tidal-flat sediment of the South Sea in Korea. Cells were motile rods with a single flagellum showing positive catalase and oxidase activities. Strain NS6 T grew at 15-40 8C (optimum, 30 8C), at pH 6.0-9.0 (optimum, pH 7.0-7.5) and in the presence of 1-5 % (w/v) NaCl (optimum, 2 %). Ubiquinone-10 was identified as the only isoprenoid quinone and summed feature 8 (comprising C 18 : 1 v7c/v6c), C 19 : 0 cyclo v8c, C 16 : 0 and C 10 : 0 3-OH were the major fatty acids. Strain NS6 T contained phosphatidylglycerol, sulfoquinovosyldiacylglycerol, an unidentified amino lipid and an unidentified lipid as the major polar lipids. An unidentified phospholipid and three unidentified lipids were also detected as the minor polar lipids. The G+C content of the genomic DNA was 64.5 mol%. Strain NS6 T was most closely related to Confluentimicrobium lipolyticum SSK1-4 T with a 96.8 % 16S rRNA gene sequence similarity, and the phylogenetic analysis based on 16S rRNA gene sequences showed that strain NS6 T formed a tight phylogenetic lineage with C. lipolyticum SSK1-4 T . The physiological, chemotaxonomic and phylogenetic properties suggest that strain NS6 T represents a novel species of the genus Confluentimicrobium, for which the name Confluentimicrobium naphthalenivorans sp. nov. is proposed. The type strain is NS6 T (5KCTC 18418 T 5JCM 30828 T ). An emended description of the genus Confluentimicrobium is also proposed.
The genus Confluentimicrobium, belonging to the family Rhodobacteraceae of the class Alphaproteobacteria, was recently proposed by Park et al. (2014) and the genus still comprises only one species with a validly published name, Confluentimicrobium lipolyticum, isolated from an environmental habitat where freshwater and seawater meet each other. Park et al. (2014) reported that the genus Confluentimicrobium includes Gram-staining-negative, non-motile, coccoid, ovoid or rod-shaped bacteria having Q-10 as the predominant isoprenoid quinone. The type species of the genus Confluentimicrobium contains C 18 : 1 v7c and C 19 : 0 cyclo v8c as the major fatty acids and phosphatidylglycerol, sulfoquinovosyldiacylglycerol and an unidentified amino lipid as the major polar lipids. Polycyclic aromatic hydrocarbons (PAHs) are a group of compounds with more than two fused aromatic rings and they are major components of crude oil, creosote and coal tar. It has been known that PAHs cause great environmental concerns because of their persistence, toxicity, mutagenicity and carcinogenicity (Collins et al., 1998) . Sea-tidal flats are costal muddy areas experiencing exposure to air and flooding by seawater and may play an important role in the bioremediation of sea environments (Math et al., 2012) . Therefore, many PAH-degrading bacteria that are responsible for PAH biodegradation have been isolated from sea-tidal flats (Dyksterhouse et al., 1995; Jin et al., 2012; Oh et al., 2015) . On 31 January 2014, an estimated 642 000 l of crude oil were accidentally released into the coastal ocean of the South Sea in South Korea, which heavily contaminated the coastal sediment of the Yeosu area. In this study, a novel naphthalene-degrading bacterium, strain NS6 T , belonging to the genus Confluentimicrobium was isolated from the crude-oil-contaminated sea-tidal-flat sediment and its taxonomic properties were characterized using a polyphasic approach.
A novel naphthalene-biodegrading bacterium, strain NS6 T , was isolated from sea-tidal-flat sediment via an enrichment culture using naphthalene as a sole carbon source. For the enrichment of naphthalene-degrading bacteria, a tidal-flat sediment sample was obtained from the Yeosu coastal area of South Korea (348 489 330 N 1278 439 24.680 E) . Approximately 10 g of the tidal flat sediment sample was added into a cotton-plugged 500 ml Erlenmeyer flask containing 100 ml of 0.2 mm-filtered seawater and 0.3 g of naphthalene pellets. The enrichment culture was incubated with shaking (180 r.p.m.) at 25 8C and subcultured into a fresh 100 ml of 0.2 mm-filtered seawater containing 10 g of autoclaved tidal flat sediment and 0.3 g of naphthalene pellets three times at 2-week intervals. The final enrichment culture was diluted and spread onto marine agar 2216 (MA; BD) and incubated at 25 8C for 3 days. The 16S rRNA genes of colonies grown on MA were amplified using the universal PCR primers F1 and R13 (Choi et al., 2014) . The PCR amplicons were digested with a mixture of Hha I and Hae III and their restriction fragment patterns were analysed on 2.5 % (w/v) agarose gels with a 100 bp ladder (Bioneer). PCR amplicons showing unique fragment patterns were sequenced using the F1 primer and the resultant 16S rRNA gene sequences were compared with those of related type strains using the Nucleotide Similarity Search program in the EzTaxon-e server . From the analysis, a presumably novel strain, designated strain NS6 T , belonging to the genus Confluentimicrobium was selected for further phenotypic and phylogenetic analyses. Strain NS6 T was routinely cultured aerobically on MA at 30 8C for 3 days, except where indicated, and stored at 280 8C in marine broth 2216 (MB; BD) supplemented with 15 % (v/v) glycerol for long-time preservation. C. lipolyticum KCTC 42136 T was used as a reference strain for the comparison of phenotypic properties and fatty acid compositions.
The PCR amplicon of the 16S rRNA gene from strain NS6 T was cloned into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions and sequenced using the M13 reverse and T7 primers of the TOPO cloning kit. The 16S rRNA gene sequence was quality-checked using its ABI chromatogram and the M13 reverse and T7 primer sequences were trimmed. The resulting sequence with 1453 unambiguous nucleotides was obtained and its sequence was compared with 16S rRNA gene sequences of all available type strains using the Nucleotide Similarity Search program in the EzTaxon-e server . The 16S rRNA gene sequences of strain NS6 T and closely related type strains were aligned using the fast secondary-structure-aware Infernal aligner available in the Ribosomal Database Project (RDP) (Nawrocki & Eddy, 2007) . Phylogenetic trees based on the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms were reconstructed using the PHYLIP software (version 3.695; Felsenstein, 2002) and their tree topologies were evaluated by bootstrap analyses using a 1000 resampled dataset. Maximum-likelihood (ML) analysis with bootstrap values was carried out using RAxML-HPC BlackBox (version 8.1.11) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) .
Comparative analysis based on the 16S rRNA gene sequences showed that strain NS6 T was most closely related to C. lipolyticum SSK1-4 T with a 96.8 % sequence similarity. A phylogenetic analysis using the NJ algorithm revealed that strain NS6 T was tightly clustered with C. lipolyticum SSK1-4 T with a 94 % bootstrap value ( Fig. 1 ). Phylogenetic trees reconstructed using the ML and MP algorithms also showed that strain NS6 T formed a phyletic lineage with C. lipolyticum SSK1-4 T (Fig. 1) .
The naphthalene biodegradation ability of strain NS6 T was evaluated in serum bottles containing naphthalene in 0.2 mm-filtered seawater as described previously . Growth of strain NS6 T was tested at 30 8C for 3 days on R2A agar (BD), laboratory prepared Luria-Bertani (LB) agar, nutrient agar (NA; BD) and tryptic soy agar (TSA; BD), which were supplemented additionally with NaCl to be approximately 2 % (w/v) NaCl in the final concentrations. Growth of strain NS6 T at different temperatures (10, 15, 20, 25, 30, 37, 40 and 45 8C) and pH values (pH 5.0-10.0 at 0.5 pH unit intervals) was assessed on MA and in MB, respectively. MB media with pH below pH 7.0 and pH 8.0-10.0 were prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively (Gomori, 1955) . After sterilizing MB media at 121 8C for 15 min, their pH was adjusted again if necessary. Growth at different NaCl concentrations (0-8 % at 1 % intervals) was investigated using MB prepared in the laboratory according to the BD formula. Gram staining was tested using the bioMérieux Gram stain kit according to the manufacturer's instructions. Anaerobic growth was assessed on MA under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 30 8C for 20 days. Cell morphology of strain NS6 T and the presence of flagella were investigated using phase-contract microscopy and transmission electron microscopy (JEM-1010, JEOL) with cells grown on MA at 30 8C. Oxidase and catalase activities were evaluated by the oxidation of 1 % (w/v) tetramethyl-pphenylenediamine (Merck) and the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution, respectively (Smibert & Krieg, 1994) . Nitrate reduction was assessed according to the method of Lányí (1987). The following properties of strain NS6 T and C. lipolyticum KCTC 42136 T were evaluated in parallel under the same conditions at 30 8C. Hydrolysis of Tween 80, Tween 20, aesculin, casein, starch and tyrosine was tested on MA according to the methods described by Lányí (1987) and Smibert & Krieg (1994) . Additional enzymic activities, biochemical features and oxidation of carbon sources were tested using the API ZYM and API 20NE kits (bioMérieux) and the GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers except that the inocula were prepared by resuspending cells in artificial seawater (20 g NaCl, Strain NS6 T exhibited naphthalene degradation ability in seawater. Strain NS6 T grew well on MA with 2 % NaCl, but did not grow on NA, R2A or TSA containing 2 % NaCl. Anaerobic growth was not observed after 20 days of incubation at 30 8C. Cells were Gram-staining-negative and motile rods with a single flagellum (0.6-0.8 mm wide and 1.2-2.7 mm long) ( Fig. S1 , available in the online Supplementary Material). The presence of motility and flagella of strain NS6 T clearly differentiated this strain from the type strain of C lipolyticum. Physiological and biochemical characteristics of strain NS6 T are additionally described in the species description and compared with those of the closely related type strain of C. lipolyticum in Tables 1 and S1.
Isoprenoid quinones of strain NS6 T were analysed using an HPLC instrument (model LC-20A, Shimadzu) equipped with a diode array detector (SPD-M20A, Shimadzu) and a reversed-phase column (25064.6 mm; Kromasil, Akzo Nobel) as described by Komagata & Suzuki (1987) . Methanol/2-propanol (2 : 1, v/v) was used as an eluent at a flow rate of 1 ml min 21 . For the analysis of cellular fatty acids, strain NS6 T and C. lipolyticum KCTC 42136 T were cultivated in MB at 30 8C and microbial cells were harvested at two points of the exponential growth phase (OD 600 50.6 and 0.8). The cellular fatty acids were saponified, methylated and extracted using the standard MIDI protocol. The fatty acid methyl esters were analysed by gas chromatography (model 6890; Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System (Sherlock version 6.0B; Sasser, 1990) . The DNA G+C content of strain NS6 T was determined using an HPLC instrument equipped with an UV detector and a reversed-phase column (GROM-SIL 100 ODS-2FE, GROM) according to the method described by Tamaoka & Komagata (1984) . The polar lipids of strain NS6 T were analysed by TLC using cells harvested during the exponential growth phase as described by Minnikin et al. (1977) . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdatophosphoric acid (for total polar lipids), ninhydrin (for aminolipids), a-naphthol (for glycolipids) and Dittmer-Lester reagent (for phospholipids).
The only respiratory quinone detected in strain NS6 T was ubiquinone-10 (Q-10). The major cellular fatty acids (.5 %) of cells harvested at an OD 600 of 0.6 were summed feature 8 (comprising C 18 : 1 v7c/v6c, 60.2 %), C 19 : 0 cyclo v8c (14.0 %), C 16 : 0 (10.8 %) and C 10 : 0 3-OH (5.4 %). The overall fatty acid profile of strain NS6 T was similar to that of C. lipolyticum, but the respective proportions of individual fatty acids were quite different ( Table 2 ). The proportion of summed feature 8 (C 18 : 1 v7c/ v6c) in strain NS6 T decreased considerably at an OD 600 of 0.8, while the proportion of C 19 : 0 cyclo v8c increased. However, the fatty acid profiles of C. lipolyticum were relatively consistent regardless of the growth phase. C 19 : 0 cyclo v8c in C. lipolyticum was detected as a minor fatty acid, which was different from the previously published result (Park et al., 2014) . The major cellular polar lipids of strain NS6 T were phosphatidylglycerol, sulfoquinovosyldiacylglycerol, an unidentified amino lipid and an unidentified lipid (Fig. S2) , which was in good agreement with those of C. lipolyticum. In addition, an unidentified phospholipid and three unidentified lipids were also detected as the minor polar lipids. The DNA G+C content of strain NS6 T was 64.5 mol%, which was evidently higher than that of C. lipolyticum SSK1-4 T (58.4 mol%) (Park et al., 2014) and clearly allowed the differentiation of strain NS6 T from C. lipolyticum. The phenotypic and molecular properties of NS6 T suggest its description as a representative of a novel species of the genus Confluentimicrobium, for which the name Confluentimicrobium naphthalenivorans sp. nov. is proposed. In addition, an emended description of the genus Confluentimicrobium is also proposed.
Emended description of the genus Confluentimicrobium Park et al., 2015
The description of the genus Confluentimicrobium is as given by Park et al. (2014) , with the following amendments. The motility of cells is variable. C 16 : 0 and C 10 : 0 3-OH may be major fatty acids depending on the species.
Description of Confluentimicrobium naphthalenivorans
Confluentimicrobium naphthalenivorans (naph.tha.le.ni.-vo9rans. N.L. neut. n. naphthalenum naphthalene; L. part. adj. vorans devouring; N.L. part. adj. naphthalenivorans naphthalene-consuming).
Cells are Gram-staining-negative, strictly aerobic and motile rods with a single flagellum (0.6-0.8 mm wide and 1.2-2.7 mm long). White-coloured, circular and raised colonies are observed on MA. Growth occurs at 15-40 uC Table 1 . Phenotypic characteristics of strain NS6 T and the type strain of C. lipolyticum
Strains: 1, NS6 T (this study); 2, C. lipolyticum KCTC 42136 T (Park et al., 2014) . Both strains are positive for the following characteristics: nitrate reduction, catalase, oxidase and activities* of alkaline phosphatase, leucine arylamidase and valine arylamidase. Both strains are negative for Gram-staining, hydrolysis* of casein, starch and gelatin, indole production*, activities* of trypsin, lipase (C14), cystine arylamidase, chymotrypsin, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase and L-arginine dihydrolase and assimilation* of L-arabinose, D-mannose, D-mannitol, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. +, Positive; 2, negative; W, weakly positive. (optimum, 30 uC) and pH 6.0-9.0 (optimum, pH 7.0-7.5). Grows in MB containing 1-5 % (w/v) NaCl (optimum, 2 %). Nitrate is reduced to nitrite. Oxidase-and catalasepositive. Hydrolyses urea, but not aesculin, Tween 20, Tween 80, starch, casein, tyrosine or gelatin. Alkaline phosphatase, leucine arylamidase and valine arylamidase are positive, but activities of esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, N-acetyl b-glucosaminidase, amannosidase and a-fucosidase are negative. Assimilation of D-glucose is positive, but indole production, arginine dihydrolase, assimilation of L-arabinose, D-mannose, Dmannitol, N-acetylglucosamine, maltose, malic acid, capric acid, adipic acid, trisodium citrate, phenylacetic acid and potassium gluconate are negative. Oxidation of a-cyclodextrin, i-erythritol, a-hydroxybutyric acid, chydroxybutyric acid, a-ketobutyric acid, methyl pyruvate, acetic acid, formic acid, b-hydroxybutyric acid, a-ketoglutaric acid, D,L-lactic acid, propionic acid, bromosuccinic acid, succinamic acid and L-alaninamide is positive.
Weakly oxidizes D-fructose, melibiose, methyl b-D-glucoside, L-alanine, inosine, uridine and thymidine. The major polar lipids are phosphatidylglycerol, sulfoquinovosyldiacylglycerol, an unidentified amino lipid and an unidentified lipid. An unidentified phospholipid and three unidentified lipids are also detected as minor polar lipids. The major cellular fatty acids (w5 %) are summed feature 8 (comprising C 18 : 1 v7c/v6c), C 19 : 0 cyclo v8c, C 16 : 0 and C 10 : 0 3-OH. The only isoprenoid quinone is ubiquinone-10.
The type strain is NS6 T (5KCTC 18418 T 5JCM 30828 T ), isolated from a sea-tidal flat of the Yeosu coastal area in South Korea. The DNA G+C content of the type strain is 64.5 mol%.
